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ABSTRACT 

The Interactive computer t:erminal provides an 
Qj^rtunity to teach statistics innova£ively« . A new computer-assisted 
instructional (CAI) program helps students by taking over the burden 
of, computation. .The instructor introduces a theoretical topic, 
describes its use, works examples, and has the students work a 
problem, doing the ccwnputation manually. . Additional problems are then 
worked on the computer. /The conputer programs are written in 
conversational style to facilitate clear understanding and to 
reinforce for the students the^ steps followed. The program: 1) 
provides an introduction on methodology; 2) asks for data and shows 
how to enter them; 3) checks data accuracy and conducts calculations; 
and 4) gives results. Repetition is available and students control 
what they receive. All relevant portions of a topic are presented at 
one time, and the user can sample all aspects of the prcbleir} which 
interest him before arriving at the final solution. .Students who use 
the CAI program save time, achieve better overall understanding of, 
statistics, and learn to deal with statistical ipaterial from other 
areas. Their manual computational skills, however, are not well 
developed. (PB) 
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The availability of an interactiYe computer terminal -in the classroom has provided n 
uniaurchance t"exper^ with a different method cf teaching the traditional statistics 
SSrJicuS" ^JpSany^ a topic is introduced both, verbally and by illustrative example. 
^^eS the -siudeJirroliJ^reparel homework problems in hopes that ^^^f .^^^^JJ . 
ikr^T.» K^-Jnfl nrPQpntPd Pinallv. -if time' allocs, variations cn the originally proposea 
e'xaSpIe Jre Lt?oIucS! Thi^^urtS^r illustrates the solution methodology, and acquaints the 
studenl "th the idea that once he has reached an answer, he has not necessarily solved the 
?rot!eL Foiloling up on the variations of the original example is usually too tite 
gonsumi^q/so the jesults a nd- implications are only alluded to and not explored, 

' ^ This procedure presents several exasperating situations for the f 
instructor. For all 6ut the piaplest. problems, many students encounter ^^^^^"^^^^ 
c^JStaUoial difficulties which effectively preveat them from learning f"m.the «"Pl%2^ 
from trvihq other prepared illustrations of the saae topic. If they, successfully solve two 
« th^ee 'of the' p?oblems, «ny guit because the computational stress 
rationalize that they have learned «all they need to know about the topic, « Thus, they 
l^eaSenti? mils the nuances and subtlety of the theory which, becomes evident by "specifying 
Sr^ai^iLthe LsS^ptions and/or modifying the data entry etc. Host ^^^^^^^^Hj^'nl^Jhat 
lacking knowledge about "nonstandara« applications of the theory, and «learning« only what 
they can memorize out of the textbook. 
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Typically a program begins with a short introduction of what that method will do or what 
the liiitatioL afe 'within the program. Then it asks for the ^^ta ^^J^^J"^ iJeJJeJtlv! sote 
entered, After a data accuracy check, the calculation process b^^^ 
intermediate results are given; and occur^ionally, a plot of the results is available, 
multinomial regression example^ follows. 

• - / „ 



MULT REG 



hWLTIPLE^REGRESSIOH SIMULATES A LINEAR RBLATIOllSItlP BETWEEN A 
DEPENDENT VARIABLE (Y) AND TWO OR MORE INDEPENDENT VARIABLES 
{X2, XZ,...). THIS FUNCTION^ MAY BE ALTERED BY VARYING THE 
NUMBER AND COMBINATION OF VARIABLES, THE STEPWISE OPTION 
SELECTS THE INDEPENDENT VARIABLES IN ORDER OF THEIR IMPOR- 
TANCE. . .AS DETERMINED BY THEIR RELATIVE CONTRIBUTION TO THE 
UNEXPLAINED SUM OF SQUARES, 

NUMBER OF VARIABLES? MAXIMUM OF SIX (FIVE INDEPENDENT), 
□ : . . 

«» • . . 

ENTER THE NUMBER OF OBSERVATIONS ,, ,N0 MAXIMUM NUMBER, 
U: 

.16 . . • 

ENTER THE DATA AS FOLLOWS-. ONE VALUE FOR Y AND ONE ' EACH FOR 
X2, X2, ... SPACE BETWEEN EACH VALUE, E,G,, IF 7=35, X2 = 17 , 
Jf3 = «»5 AND XH-Ti THE APPROPRIATE DATA. ENTRY IS-t 35 17 H5 7 



U: 










16 180 2800 90 


0: 










1U.9 


19 5 3oao 


90 


□ : 










IH, 1 


160 2700 


80 


□ : 








18. 5 


235 3200 


110 












15. 3 


175" 2700 


100 


□ : 










21.9 


285 3U00 


110 


□ : 










15. 2 


210 3000 


100 


□ : 










18.2 


2 30 3300 


100 ' 


□ : 










17 235 3500 100 


□ : 










16.8 


295 2800 


90 


0: 










20 290 3500 110 


0: 










1U.8 


150 2500 


80 


0: 










13 100 2100 80 


□ : 










20. 3 


290 3U00 


110 


□ : 










18.2 


255 3U00 


100 


□ : 










17.1 


220 2900 


100 



CHECK THE 
16 
"lU.9 - 
lU. 1 
18. 5 

15. 3 
21.9 
15.2 
18.2- 
17 

16. S 
- 20 • 

1U.8 
13 

20.3 
18.2 
17.1 
IF THE DATA 



VAR HUM 
1 
2 
3 
«♦ 



FORM AND ENTRIES OF THE 
180 



ARE NOT 



19 5 
160 
235 
175 
285 
210 ■ 
230 
235 
295 
290 
150 
100 
290 
2 5 5 ' 
220 
CORRECT, 



DATA MATRIX. 

2 800 
■ 3000 

2700 
3200 
2700 
3U00 
3000 

3 300 
3500 
2 800 
3500 
2500 
2100 
3U00 
3U00 • 
2900 



90 
90 

80 
110 
100 
110 
100 
100 . 
100 

90 
110 

80 

80 
110 
10 0' 
100 



TYPE NO 



MEAN 
16.95625 
219.0625 
3012-.5 
96.875 



STD DEV 
2. «♦ •♦73029 3.7 
56 .95667213 
i»03.1128874 
10.78192933 



0-8682309786 
0 .8270U928U8 

0. 8585U661.26 



0.82516 80 87 
0.765683U05 
0. 8225321512 



SIMPLE CORRELATION BETWEEN VARIABLES 1 AND 2 
SIMPLE CORRELATION BETWEEN VARIABLES 1 AND 3 
SIMPLE CORRELATION BETWEEN VARIABLES 1 AND U 

DO you WANT THE OTHER SIMPLE CORRELATIONS? 
YES 

SIMPLE CORRELATION BETWEEN VARIABLES 2 AND 3 
SIMPLE CORRELATION BETWEEN VARIABLES 2 AND «♦ 
SIMPLE CORRELATION BETWEEN VARIABLES Z ^'»^JJ^^ 

ToTou"w'aNT the partial CORRELATION COEFFICIENTS? 
YES 

ENTER THE SUBSCRIPTS FOR THE .DESIRED PARTIAL CORRELATION 
COEFFICIENT AS FOJ LOWS .FOR i?Cl2-. 3], ENTER 12 3 

WHEN you WANT TO STOP, JUST Ti-PE A ZERO (0) ' • 

□ : 

THE PARTIAL CORRELATION COEFFICIENT IS 0.5850U89633 
WHEN YOU WANT TO STOP, JUST TYPE A ZERO (0) 

0? • ■ 

THE PARTIAL CORRELATION COEFFICIENT IS 0.6393UU2918 
WHEN YOU WANT TO STOP, JUST TYPE A ZERO (0) 

□ : 

THE PARTIAL CORRELATION COEFFICIENT IS 0 , 39H6586358 

WHEN YOU WANT TO STOP, JUST TYPE A ZERO (0) 

Ot 



1 3 U . 

THE PARTIAL COJIRELATTON COEFFICIENT . IS 0.»HUU930271 

WHEN you WANT TO STOP* JUST TYPE A ZERO (0) 

0: 

1 U 2 

THE PARTIAL- CORRELATION COEFFICIENT 15 0.607122782 5 
WHEN YOU WANT TO STOP, JUST TYPE A ZERO (0) 

□ : 

1 U 3 > • 

THE PARTIAL CORRELATION COEFFICIENT IS 0 . 55763U1297 
WHEN you UANTTO STOP, JUST TYPE A ZERO (0) 

□: ■ • . • 

1 .2 3 U - . 

THE PARTIAL CORRELATION COEFFICIENT IS 0 .5U32525143 
WHEN you WANT TO STOP, JUST TyPE A ZERO (0) 

. . = • . • ■ 

1 3 2 H ■ . 

THE. PARTIAL CORRELATION COEFFICIENT IS 0.1123516056 
WHEN you WANT TO\STOP, JUST TYPE A ZERO (0) 

•O: • i • • ■ ■ ■ 

1 U 2 3 \ 

THE PARTIAL CORRELATION COmFICIENT IS 0.5im2ff267 

WHEN you WANT TO STOP, JUST TYPE A ZERO (0) 

0: 

0 . 

DO you WANT TO CONTINUE THE ANALYSIS? 
YES 

ENTER THE SUBSCRIPTS FOR THE INDEPENDENT VARIABLES TO BE USED 
IN THE ANALYSIS,, ^SPACE BETWEEN EACH ENTRY, E.G,, 2 3 U 

□ : ■■ 

2 3 U ' ; . 

ENTER THE SUBSCRIPT FOR THE DEPENDENT VARIABLE 

or 

1 ' ■ 

DO YOU WANT TO USE THE STEPWISE REGRESSION OPTION? 
YES 

******** STEPWISE REGRESSION ******** 
INTERCEPT IS 1.5197U3175 

VAR ■ ■ ' ' 

NUhi COEFFICIENT STD DEV T VALUE 

2 0.0200292UU37 0. 00893570U051 2.2«fm8U752 
^ 0.09 6660 59U<4 3 0.0U68857911U 2.06161807U 

3 0.0005592880978 0.00m27930927 0.3916772773 

THE COEFFICIENT OF MULTIPLE CORRELATION IS 0 . 920068852U 
THE STANDARD ERROR OF THE ESTIMATE IS 1.071912075 

DO YOU WANT TO PERFORM THE F TEST? 
YES 



SXPLAINED 
UNEXPLAIHED' 



SUM OF 
SQUARES 
76.051U290H 
89.839375 



DEGREBS OF MEAIt SUM 
FREEDOM OF SQUARES 

3 25.350H763S 
12 1. 1U8995H97 



ENTER THE CRITICAL F VAtUE FROM THE TABLE, 

Ui ■ 

3.H9 

TffP CALCULATED F VALUE IS 22.06316U2H. 

THE REL%I%SHIP IS STATISTICALLY SIGHIFICANT, 



DO YOU WANT< 
YES 

OBSERVED y 
16 

1H.9 • 

lU.l 

18.5 

15.3 

21.9 

15.2 

18.2 

17 

16.8 

20 

i»*.8 
13 

20.3 
18.2 
17.1 



THE RESIDUALS AND THE DURBIN-WATSON? 



ESTIMATED Y 

15. 390 H6 73 3 

15. 80276362 

13;9673»»769 

18.6H90029 

16.20099 825 

19,7623227»» 

17.06980823 

17.63817955 

17.85018339 

17.693830MU 

19.91839777 

13.65519763 

i2.H3002017. 

19.862U6896 

18.19H839U7 

17.21417186 



RESIDUAL 
0.6095326658 

'0.9027636194 ' 
0.1326523073 

'0.1490029024 

'0.9009982468 
2.137677259 

'1.869 80.82 29 
0. 561820454 ■ 

"0.8501833875 

"0.8938304371 
0.08160222771 
1.144802371 
0.5699798284 
0.437&31037S 
0.005160534834 

"0.114171il32 



THE DURBIN-WATSON D STATISTIC IS 1.858553438 

JLzJZ^ — 

DO YOll WANT ANY. MO RE REGRESSIONS WITH THIS DATA? . 

^^f^ « — " — 

TtlTERTHE SUBSCRIPTS FOR THE INDEPENDENT VARIABLES TO BE USED 
IN THE ANALY^^^^^^^^ BETWEEN EACH ENTRY. E.G.. 2Z^ 

0: = . ■ 

ENTER THE SUBSCRIPT FOR THE DEPENDENT VARIABLE 



f 

f 

% 

I 
I 



DO YOU^WANT TO USE THE STEPWISE REGRESSION OPTION? 
YES ' 



******** STEPWISE REGRESSION ******** 



INTERCEPT IS 1.861343345 



VAR 

NUM COEFFICIENT 
2 0-.02189845023 
4 0.1062996377 



STD DEV r VALUE 

0.007304464855 2.997954082 
0.03858660145 2.754832862 



ERIC 



THE COEFFICIENT OP MULTIP.LE CORRELATION IS 0.919001986«» 
THE STANDARD ERROR OF THE ESTIMATE IS 1.0 36H2i9 

DO you WANT TO PERFORM THE F TEST? 
YES ' • 



EXPLAINED 
UNEXPLAINED 



SUM OF 
SQUARES 
75. 875i60.39 
89.839375 



DEGREES OF MEAN SUM 
FREEDOM OF SQUARES 

2 37.9375802 
13 1.071*170355 . 



ENTER THE CRITICAL F VALUE FROM THE TABLE, 
U: " 
3*81 

THE CALCULATED F Wirt;F-XS~Tlrr3iit)29U3 
THE RELATIONSHIP IS STATISTICALLY SIGNIFICANT , 

DOrOU WANT THE RESIDUALS AND THE DURBIN-WATSON? 
YES 



SERVE u y • 


• ESTIMATED Y 


RESIDUAL 


16 


15.37003178 


0^6299682212 


1<<.9 


15.69850853 


'0,7985085322 


lu.i- 


13.869066U 


0.2309336028 


18.5 


18.700U393 


"0.200U392953 


15.3 


16i3235359 


"1.023535905 


21.9 


19.79536181 


2.10U638193 


15.2 


17..08998166 


"1.023535905 


18.2 


— 17.52795067 


0.6720493328 


17. 


17.637U«*292 


~0.637U»»29183 


16.8. 


17.88835355 


"1.088353555 


20 


19.90U85U06 


C\0951U"59U219 


lU. 8 


13.65008189 


l.it9918105 


13 


12.55515938 


0.t|i» 118406163 


20.3 


19.90t»85406 


0.3951459U22 


18.2 


18.075mi92 


0.12U5880772 


17.1 


17^30896616 


"0.208966ieU9 



THE DURBia-WATSON D STATISTIC 15 1.787153007 

DO YOU WANT ANY MORE REGRESSIONS WITH THIS DATA? 
YES 

ENTER THE SUBSCRIPTS FOR THE INDEPENDENT VARIABLES TO BE USED 
IN THE ANALYSIS,, .SPACE BETWEEN EACH ENTRY, E,G, \ 2 3 «* 

■ . ^ ■ = 

2 3 

ENTER THE SUBSCRIPT FOR THE DEPENDENT VARIABLE 

LI: . 

1 

DO YOU WANT TO USB THE STEPWISE REGRESSION OPTION? 
YES 



******** STEPWISE REGRESSIOli ******** 
IHTERCEPT^JS 5.136566509 
VAR ■ 

NUM COEFFICIENT STD DEV T VALUE 

2 0.02501553892 0.0096*1757853.8 2.601022578 

3 0.00210UU70372 0.001358888005 1.5U86709«f6 

THE COEFFICIENT OF MULTIPLE CORRELATION IS 0.8900 382702 
THE STANDARD ERROR OF THE ESTIMATE IS 1.198HUU055 

DO YOU WANT TO PERFORM THE F TEST? 
NO 

DO YOU WANT- THE RESIDUALS AND THE DURBIN -WATSON? 

NO ' ' - ■ 

DO YOU WANT' ANY MORE REGRESSIONS WITH THIS DATA? 
YES 



ENTER THE SUBSCRIPTS FOR THE INDEPENDENT VARIABLES TO BE USED 
IN THE ANALYSIS. .'.SPACE BETWEEN EACH -ENTRY . E.G., 2 3 «♦ 

3 «♦ ■ 
ENTER THE SUBSCRIPT FOR THE DEPENDENT VARIABLE " 
11: 

. 1 ■ • - . 

DO YOU WANT TO USB THE STEPWISE REGRESSION OPTION? 

YES . . 

******** STEPWISE REGRESSION ******** 

INTERCEPT J5 "l.9978»t506 3 

VA R . 

NUM COEFFICIENT STD DEV T VALUE 

U 0.125106383 0.05165138589. 2.U22130226 

3 0.002260685215 0.00138150282U 1.6U2186«tU8 

THE COEFFICIENT OF MULTIPLE CORRELATION IS 0. 88HU598851 
THE STANDARD ERROR OF THE ESTIMATE IS 1.22G652U51 

DO YOU WANT TO PERFORM THE. F TEST? 

NO ■ ' _ 

#W *W ***** 

DO YOU WANT THE RESIDUALS AND THE DURBIN-WATSON? 
NO 

DO YOU WANT ANY MORE REGRESSIONS WITH THIS DATA? 
NO 

DO YOU WANT TO FORECAST WITH ONE OF THESE RELATIONSHIPS? 

YKn ■ ■ . . 



ENTER THE SUBSCRIPTS FOR THE INDEPENDENT VARIABLES TO BE USED 

IN THE ANALYSIS,,, SPACE BETWEEN EACH ENTRI. E.G,, 2 Z H 

Us 

2 i» 

ENTER THE SUBSCRIPT FOR THE DEPENDENT. VARIABLE 
0: 

1 . 

AHHH, YES,,,, THE REGRESSION EQUATION LOOKS LIKE: 

XIC = 1.8613»*33'-*5 + 0.02189845023 X2 + 0.1062996377 JTU 
ENTER THE PROJECTED INDEPENDENT VALUES (SPACE BETWEEN EACH) 

2»»5 110 

THE FORECASTED DEPENDENT VARIABLE VALUE IS 18.9194238 

IF YOU ARE THROUGH TYPE ZERO (SPACE) ZEW,,, E,G,,- 0 0 

ENTER THE PROJECTED INDEPENDENT VALUES (SPACE BETWEEN EACH) 

29 5 110 ' • • . . 

THE FORECASTED DEPENDENT VARIABLE VALUE IS 20 .01«»3i*631 
IF YOU ARE THROUGH TYPE ZERO (SPACE) ZERO, , , E,G,,, ' 0.0 

ENTER THE PROJECTED INDEPENDENT VALUES (SPACE BETWEEN EACH) 

bo 

— , ^^^^^ ^ 

DO YOU WANT TO FORECAST WITH ONE OF THESE RELATIONSHIPS? . 
NO 



This is one of a ceaplete £«t of cospater*assisted«-iii8tnictional prograas vlileh X have 
daireloped for a second seaester introductory statistics course offered at the undergraduate 
level. Several characteristics cf these prograas becoae iaiediately obvious. Bepetition is 
primarily in the verbal sections of the prograa because soae students began losing interest 
when they were no longer able to visualize exactly Khat vas going on at all times. Other 
students reguire little of this after several replications cf the sample problems^ so- they 
can choose to eliainate a large part of the descriptive output. The data check- has, tore, 
than once, prevented a student from reaching nonsensical or wholly erroneous results* 
frequently, intersediate*step figures are given to assist the student in checking his own 
computations* Except for the data check and the initial si»ple correlations, the user has 
effective control over wka--, he receives froa the ccaputer. 

Another characteristic of this sot of prograas is that all Of the relevant portions of a 
particular topic ar e*prosented at one tiae. This is also true in the lectures. I have' found 
that this inregrated-iihcle approach is bett er receive g_ than a parcel-by-parcel presentation. 
It is like putting together a puz2le ... it/'is auch easier if you can see a^ copy of the 
pattern- before trying to piece together the parts. For exaaple, the iapcrtance of the F-test 
and the Dur bin-Watson for each repetition of the probles cannot be appreciated by nost 
students without actually obsevving how they are used and what weight they may carry in 
deteraining which of ^the possible alternatives is ^*best**. ^his leads to a .third 
characteristic of these prograas* 

the user is able to sample, all of the variations of^a particular, problem which interest 
him before arriving at, a final solution. ' In* most cases he would 'look at* only one^ 
specification because other . constraints limit the amount of time he can-allocate to the 
problem. .But, with a computer he has the advantage of being able to handle all of the 
alternative specifications in less time than he would spend manually reaching one solution^ 
The sample problem illustrates that while-the independ<%nt variable combinations -XZ and XI, 
and X3 and X4 can be readily eliminated, the choice between X2, X3, and XU, and X2 and Xd is 
not nearly as clear cut. If the student was only leaking for a **good«* regression 
relationship, he might be teapted .to stop with the first alternative. But, in fact, it is 
difficult to statistically select between these two alternatives. Frankly, this is one of 
the key points I try to bring to the student *$ attention. On what basis do you selec€ 
between these two alternatives?' 

To date I have had just one class that was exposed to a complete set of these programs^ 
the students individually elected to prepare tbeir homework assignments either manually or 
with computer assistance. | Hot too surprisingly, most of them chose the former. But, those 
who were **daring*< seemed te perform better throughout most cf the semester. . ^ ^ 

One cf the advantages which these **innovaters** realized was the ability not only to 
complete their assignments very guickly, but to also find time to work with more <*real world** 
problems that they were interested in. In fact, they began to bring in stati8tics*r elated 
problems from other courses— sales forecasting, pro forma statement construction, motivation 
analysis. This obviously led to crossing the well-established lines of course content, and 
hopefully to fixing in their minds the usefulness of statistical rools rather than the 
futility they initially felt because they had to take this last statistics, course to 
graduate. 

Of course, there were negative aspects as well. Once away from the terminal, this group 
tended to have more trouble handling the manual operations. ^ But they did appear to have the 
better grasp of the overall problem posed* Perhaps it all depends upon what you seeX to 
achieve as a statistics instructor, whether you would consider this experiment a success or a 
failure. I had hoped to instill in the students a method cf analysis, an ability to see the 
whole problem, and the importance cf looking at all the possible alternatives before choosing 
a "best** solution. I feel that I was more successful using this approach than I had been 
previously, at least with those students who were willing tc try the computer option. 




